Alterations in neuronal cytosolic calcium is a key mediator of the traumatic brain injury (TBI) pathobiology, but less is known of the role and source of calcium in shaping early changes in synaptic receptors and neural circuits after TBI. In this study, we examined the calcium source and potential phosphorylation events leading to insertion of calcium-permeable AMPARs (CP-AMPARs) after in vitro traumatic brain injury, a receptor subtype that influences neural circuit dynamics for hours to days following injury. We found that both synaptic and NR2B-containing NMDARs contribute significantly to the calcium influx following stretch injury. Moreover, an early and sustained phosphorylation of the S-831 site of the GluR1 subunit appeared after mechanical injury, and this phosphorylation was blocked with the inhibition of either synaptic NMDARs or NR2B-containing NMDARs. In comparison, mechanical injury led to no significant change in the S-845 phosphorylation of the GluR1 subunit. Although no change in S-845 phosphorylation appeared in injured cultures, we observed that inhibition of NR2B-containing NMDARs significantly increased S-845 phosphorylation 1 h after injury while blockade of synaptic NMDARs did not change S-845 phosphorylation at any time point following injury. These findings show that a broad class of NMDARs are activated in parallel and that targeting either subpopulation will reverse some of the consequences of mechanical injury, providing distinct paths to treat the effects of mechanical injury on neural circuits after TBI.
Introduction
Phosphorylation of α-amino-3-hydroxyl-5-methyl-4-isoxazolepropionate receptors (AMPARs) causes functional changes that are commonly implicated in synaptic plasticity, as well as pathological signaling occurring in several disease states. Several sites on the individual AMPAR subunits can be phosphorylated, with the resulting phosphorylation controlling the localization, insertion, channel conductance, and receptor kinetics of the AMPAR (Lee, 2006; Wang et al., 2005) . Two specific phosphorylation sites on the GluR1 subunit -serine 831 and serine 845 -are emerging as potentially important regulators defining the role AMPARs in specific neurological diseases (Fu et al., 2004; Rakhade et al., 2008) . The activation of upstream kinases and resultant phosphorylation of S-845 and S-831 affect trafficking and conductance of receptors containing the GluR1 subunit, and thus may play a critical role in the insertion of highly active CPAMPARs in the form of GluR1 homomers (Derkach et al., 2007) .
Although alterations in intracellular calcium levels are a proximal event for both S-831 and S-845 phosphorylation, each has a distinct pathway that suggests two independent control mechanisms. Phosphorylation of the GluR1 S-831 site by one of the most abundant, calcium sensitive proteins (CaMKIIα) (Sheng and Hoogenraad, 2007) , increases single channel conductance (Derkach et al., 1999) and influences GluR1 trafficking (Boehm et al., 2006) . Moreover, several previous studies show that CaMKIIα activity alters AMPAR mediated currents (Goforth et al., 2004; Hayashi et al., 2000) . Given that CaM-KIIα can achieve an autophosphorylation state to remain active well beyond the initial calcium transient (Hudmon and Schulman, 2002) , this means that S-831 modification may play a more prominent and sustained role on AMPAR function than other kinases that are inactivated immediately after the removal of calcium.
Alternatively, phosphorylation of the S-845 residue of the GluR1 subunit is controlled by cGKII (Serulle et al., 2007) , a kinase activated by an increase in nitric oxide (NO) levels within the cytosol, and PKA, activated by the calcium dependent production of cAMP (Willoughby and Cooper, 2007) . Largely independent of CaMKIIα signaling, increases in nitric oxide levels are linked to calcium mediated activation of neuronal nitric oxide synthase (nNOS) or activation of endothelial nitric oxide synthase (eNOS), whereas the late rise in NO is attributed Neurobiology of Disease 46 (2012) 646-654 
